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ABSTRACT :
Medical packages have to meet highly specific criteria over and
above other types of packages. Protection of contents from microbial
contamination and physical damage is a priority. The permeability to
sterilizing gas; retention of properties and appearance after sterilizing
radiation; printability and aseptic presentation all have to be present at
reasonable cost. The most important is maintenance of sterile integrity. In
order to have sterile integrity, the medical package must have high barrier
properties.
Sterility maintenance is the ability of porous packaging materials to
act as barriers to microorganisms. The random non-woven structure of
spunbonded olefin creates a highly complex maze through the sheet. This
torturous path coupled with infinitesimally small openings presents bacteria
with an impossible task to penetrate the spunbonded olefin. Thus by virtue
of the properties exhibited similar to the "Size Exclusion" principle,
spunbonded olefin maintains permeability for gas sterilization but not for
microorganisms. The immediate consequences of this morphology are:
high opacity, high filtration efficiency, acceptable to high air permeability
and excellent strength.
Strength of a spunbonded sheet is directly related to the strength of
the individual fibers and how are they bonded. It is clear that to have an
effective material; strength, permeability and barrier have to be balanced
in an optimum structure.
Packages made from spunbonded olefin can be sterilized by ionizing
irradiation which is commercially exposure to ionizing radiation, high
energy electron from electron beams or gamma rays from Cobalt-60 or
Cesium- 137 radioisotopes. Irradiation does not leave a residue in the
spunbonded olefin and it does not make it radioactive. The low energy
level of Cobalt and Cesium isotopic gamma rays does not induce any
radioactivity. Although, irradiation has the same sterilizing effect on
spunbonded olefin packages as ethylene oxide gas treatment, it does not
appreciably raise the temperature of the medical product as does an Eto
cycle. One of the characteristic advantages of the irradiation process is that
the medical product can be irradiated even after package has been sealed so
recontamination after processing is prevented. It is not possible for the
medical product itself to become radioactive, and there are no residues of
any kind left by this process. Once treated, medical packages are
considered sterile and ready for use.
Research Focus:
Irradiation can cause changes in the physical properties of a variety
of plastics. The effects of radiation on spunbonded olefin needs to be
investigated. Because a change in the regulated pore size could
compromise the effective barrier to microorganisms. Work has been done
previously on physical properties of spunbonded olefin. These properties
include tensile strength, elastic modulus, impact strength and shear strength
(Dasgupta, 1983). Hence this study was initiated to confirm the effect of
low level radiation on the barrier qualities of spunbonded olefin.
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Chapter 1. Introduction
Packages are checked in order to contain, protect, communicate,
deliver the product safely to the consumer. Medical packages must meet
highly specific criteria over and above other types of packages. Protection
of contents from microbial contamination and physical damage is a
primary concern. The permeability to sterilizing gas, retention of
properties and appearance after sterilizing radiation, and printability all
have to be present at reasonable cost (Rudys,1982).
In order to have sterile integrity, the medical package must have
high barrier properties. Sterilization can be stressfull to packages and
materials. Sterilization can be defined as the process by which living
organisms are removed, or killed to the extent that they are no longer
detectable in standard culture media in which they have previously been
found to proliferate. In today's health care industry, the maintenance of
sterility is a significant concern.
Meticulous care is taken in controlling the design, manufacture,
packaging, and sterilization of medical packages. Validation procedures
and protocols are designed to ensure probabilites of no more than one
nonsterile unit in a million processed units (Reich,1985). The initial as
well as continued integrity of post sterilant exposed packages is a
paramount factor in the maintenance of product sterility until the product
reaches its point of use.
The specific factors regulating the selection of a sterilizing process
for a given product depends on the nature of the product, the effect of
sterilization on the product, legal acceptability or requirements for a
product treated by a particular process, economics of the sterilizing
process, and the parameters of sterility assurance tests for each sterilizing
procedure (Bruch, 1972). Each sterilization process has its own advantages
and disadvantages and also package requirements.
Increase in the use of Ethylene Oxide (EtO) sterilization throughout
the industry helped in better understanding its characteristics. It proved to
be a fumigant with several limitations. It is useful only as a surface
sterilant and can not be depended upon to reach blocked-off surfaces. EtO
sterilization requires careful and simultaneous control over different but
interdependent variables: temperature, humidity, gas concentration, time of
exposure, pressure and vacuum. Consistent monitoring and integration of
these important variables are some of the problems that arise out of large
scale sterilization. For EtO sterilization, routine use of biological
indicators is a more critical validation factor than in any other process.
Gas sterilization requires post-sterilization treatment: sterilized products
have to be aerated to remove toxic residues before the products go to a
quarantine period of seven to fourteen days.
In the presence of H2O (vapor or liquid), EtO degrades to form
ethylene glycol(Woodard, 1971). Ethylene chlorohydrin is formed when
EtO reacts with chlorine ions present in the moisture of the polymeric
materials. This led to a re-evaluation of the types of residue and potential
hazards from the use of EtO on Medical Devices(Wesley, Rourke et
Dabishire,1965). EtO's potential for toxicity, carcinogenicity and
mutagenicity were verified with experiments performed on animal and
human subjects(Gammagram #4, 1988).
However, EtO sterilization will not be completely replaced because
certain products, including iodine, lydocaine, lubricating jelly and alcohol
are incompatible with radiation. For EtO sterilization, questions revolve
around potential product residues, worker exposure, environmental
emissions and health hazards. Most damage to package results during an
ETO cycle due to the temperature and pressure changes which often cause
medical packages to burst open and lose their seal integrity. Thus the
movement for future package designs for medical products and devices
seems to have potential for radiation sterilization.
In recent years, Federal rulings limiting EtO sterilization coupled
with pressure from health care industry to cut costs have forced medical
product packagers to increasingly use gamma radiation as a sterilization
method. Competitive cost is helping the growth of radiation sterilization.
For large volumes, radiation costs less than EtO sterilization. Cost depends
on product density, dosage level, and product volume. For example, a
container load of product (2000 cubic feet) with density of 0.15g/cc,
sterilized with a 1.5 megarad dose would cost about 60 cents/cubic foot,
and at 2.5 megarads it would cost about $1.00/cubic foot. EtO sterilization
costs range from 90 cents to $1.20/cubic foot (Lodge,1987). Availability
of specialized radiation centers around the country has helped promote
gamma sterilization. The idea is to ship unsterilized products to such
centers for treatment en route to market. The cost savings can largely be
attributed to the elimination of sterility test costs, quarantine inventory
costs, and process rework costs (Gammagram #5, 1988).
Gamma rays are very penetrating and allow maximum flexibility in
product handling and packaging shapes. A package is not submitted to
rigors of elevated temperature, rapid changes in pressure, and high
humidity, time or seal strength during radiation. Hence, materials
characteristics such as heat resistance, moisture strength and seal strength
may be less critical with radiation sterilization. Simplicity is the key to
gamma sterilization: time is the only variable which requires close control.
There are no product residues to deal with and there is no worker exposure
problem because the science of worker protection is wellknown which are
a few attractive aspects of gamma sterilization (Derisio, Masfield et Parisi,
1990).
The key requirement for medical packages is to maintain sterility.
The ability of spunbonded olefin, porous packaging materials to act as
barriers to microorganisms results from the random, non-woven structure
of the sheet, which creates a highly complex random maze through the
sheet. This torturous path coupled with infinitesimally small openings
presents bacteria with an impossible task to penetrate the spunbonded
olefin. Thus by virtue of the properties exhibited similar to the "Size
Exclusion"
principle, spunbonded olefin maintains permeability for gas
sterilization but not for microorganisms.The immediate consequences of
this morphology are: high opacity, high filtration efficiency, acceptable to
high air permeability and excellent strength.
Strength of the spunbonded sheet is directly related to the strength of
the individual fibers and how are they bonded. It is clear that to have an
effective material, strength, permeability and barrier properties have to be
balanced in an optimum structure.
Irradiation can cause changes in the physical properties of a variety
of plastics. The effects of radiation on the spunbonded polyolefins needs to
be investigated because a change in regulated pore size could compromise
the barrier's effectiveness to penetration ofmicroorganisms.
Radiation exposure tests have been conducted on different grades of
spunbonded olefin. All losses were within 20% of their strength properties
after having been subjected between 2.5 and 4.0 Mrads of radiation. The
sterilization industry works around this range. Above 4.0 Mrads, there is
potential of severe losses in strength properties (Dasgupta, 1973). The
barrier properties of spunbonded materials are very important to product
quality in the medical device industry. The amount of research
investigating changes in the barrier properties being so limited makes this
topic ripe for investigation. Hence, this study investigates the following
hypothesis: "Radiation causes no change in the barrier properties of
spunbonded olefin".
7Chapter 2. GENERAL EFFECTS OF IRRADIATION ON
PLASTICS
Plastic packaging materials are synthetic organic materials made of
specific types ofmolecules joined together in multiple repeat units, straight
or branched to form a high molecular weight material or a
macromolecule. These materials are divided into two types based upon
their properties:
i) thermoplastics, material that is capable of being repeatedly softened by
heating and hardened by cooling.
ii) thermosets, material that will undergo a chemical reaction by action of
heat, temperature, or pressure, leading to a infusible reversible state.
Ionizing radiation affects all packaging materials. The processes of
ionization and excitation of an organic molecule leads to one or more of a
number of effects. Gas evolution, polymerization, crosslinking,
degradation and double bond formation have all been observed, and all
lead directly to changes in the physical properties of irradiated plastics
(Bolt et Carrol, 1963). The type of affect depends upon the specific
material, the dosage and the atmosphere in which radiation takes place.
The use of certain additives have a distinct protective action and can reduce
the effect of radiation on the materials. The action of additives can be
8either that of a reactant which combines with radiation generated free
radicals within the polymer, or that of a primary energy absorber
preventing the interaction of the gamma energy with the polymer itself
(Gammagram #3, 1988). In particular, differences are usually observed
between the behavior in the presence or the absence of oxygen. In some
plastics, degradation is enhanced, whereas in others it is reduced. Thin
materials are likely to be more affected because oxygen is more freely
available; with bulky materials, the oxidation process is more diffusion
controlled (Plester, 1972). Post storage effects of irradiation have also
been noted because of the free radicals present in materials continuing their
action following exposure on materials.
Although the observed affects on plastics are varied, the most
important involve changes in mechanical characteristics such as tensile
strength, elastic modulus, impact strength, and seal strength. Aromatic
polymers are very resistant to radiation effects, whereas aliphatic
polymers-depending upon their level of saturation and substitution-exhibit
varying degrees of radiation resistance (Skiens,1980).
Radiation interacts with polymers in three basic ways. Chain scisson
or radiation induced degradation, which results in a lowered molecular
weight and possible embrittlement, detracts from some of the most
valuable properties of plastics. Tensile, impact, and shear strengths all are
reduced, and so is elongation at break. Embrittlement often occurs even
9though the material may have become somewhat softer. Rise in density due
to chain scisson increases the crystallinity of the polymers (Skeins, 1980).
Cross-linking induces polymerization, increasing molecular weight
and lowering the mobility ofmolecules, inhibiting their ability to flex.
This raises the tensile strength, depending on the normal mechanism of
tensile breaking, and increases hardness and brittleness, but reduces creep
and impact strength (Bolt et Carrol, 1963). Cross-linking generally results
in increased tensile strength, while impact strength, elongation,
crystallinity and solubility decreases, and the polymer becomes
increasingly brittle with increased cross-linking.
Many plastics develop color during radiation, materials will turn
opaque after prolonged exposure. Most materials turn yellow or brown,
although the dose at which discoloration becomes noticeable varies widely.
The extent and the amount of color development may vary on storage after
irradiation, either increasing or diminishing with time, and it is usually
affected by the presence of oxygen (Charlesby A., 1960).
Tests conducted on polyethylene film after irradiation up to 5 Mrads,
showed it suitable for use as radiation sterilized packaging material.
Polyethylene, in general, crosslinks on radiation, and there is chain scisson
as well. Average molecular weight increases and crystallinity decreases.
Irradiation affects mechanical properties in a complex way. First, the
tensile strength increases and then decreases, returning to its original value
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at 100 - 150 Mrad. The elastic modulus behaves in an opposite manner,
first falling and then rising again. At high dose rates, impact strength
begins to fall, reaching a minimum at very high levels of radiation (Bopp
et Sisman, 1951). Changes in gas permeability are negligible up to 100
Mrad. Different density polyethylene films have different changes of
stiffness, flexural strength, and tensile strength. However, the percentage
change of ultimate elongation is approximately the same ( Hanlon, 1984).
According to Killoran's report on the effect of gamma radiation on the
mechanical properties of high density polyethylene multilayered material,
there are no great differences noted in tensile, burst, and seal strengths
between the control and irradiated samples (Killoran, 1972).
Irradiating polypropylene results in chain scisson and crosslinking.
Oxidative degeneration also takes place in the presence of air. At low
doses, cross linking is a major factor because the impact strength falls
immediately followed by a slow decay over a long time. Radiation readily
affects polypropylene and is borderline in stability to single dose radiation
sterilization. Often a yellow noticeable discoloration occurs in
polypropylene after single dose radiation. The combination ofmechanical
properties, low cost, and ease of fabrication makes polypropylene useful
for medical packaging applications. It is one of the more interesting
materials for consideration (Dammont F. R., Salovey R., 1963).
Polystyrene is among the most radiation stable of the common
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molding plastics, and large doses are required to bring about significant
effects. Doses ofmore than 100 Mrads may not cause significant damage
and multiple sterilization is possible. However, there is a slight color
discoloration. The protective action is provided by the aromatic rings in
the structure (Turner J. O., 1961).
Radiation affects acrylic polymers by lowering their molecular
weight. Thus, mechanical properties are affected: tensile strength
decreases by half at 20 Mrads and thereafter decreases rapidly. Eventually,
the material becomes brittle and cracks.
Upon irradiation vinyl polymers cross-link in the absence of air and
degrade in the presence of air. A more important affect is the liberation of
hydrochloric acid with the corresponding production of unsaturation.
Interestingly, polyvinyl chloride discolors at quite low doses, and
discoloration intensifies over a period of time. It is among the most widely
used vinyl polymers and finds application in many medical products
(Charlesby A., 1953)
Various types of polyamides have shown no effect on irradiation.
All are suitable for sterilization although not for many repeat doses. Upon
irradiation, polyamides crosslink and lose crystallinity which increases
their tensile strength but decreases the impact strength. Films and fibers
are more affected mechanically than thick moldings due to loss of
crystallinity (Balwit, Bueche et Lawton, 1953). The presence of oxygen
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increases the effects of radiation.
Polyethylene terphthalate in film or fiber form is suitable for
irradiation. Mechanically it can withstand at least 100 Mrads although
discoloration occurs at lower doses. Crosslinking is a major affect of
irradiation, but radiation induced oxidation can be observed in the presence
of air (Plester, 1972). According to Killoran's report on the effect of
gamma radiation on the mechanical properties of polyethylene terphthalate
multilayered material, there was no difference noted in tensile, burst, and
seal strengths between the control and irradiated samples (Killoran, 1972).
Polycarbonate can satisfactorily withstand single dose exposure but
tends to become brittle above 2.5 Mrad (Broadway, Palinchak et King,
1961).
According to general tests conducted by U. S. Army Natick labs on
polymers normally used for food packaging to observe substances
migrating from plastic packaging materials and volatile compounds
produced by irradiation of plastic films, it was found that gamma radiated
plastic films in the presence of food simulating solvents produced the same
chemical extractives as the control samples, but in slightly different
amounts. It was also found that, upon irradiation, plastic films emit
volatile compounds. All these differences were attributed to the stability of
the films with regard to their susceptibility to crosslink and/or degrade
(Killoran, 1972). Usually both mechanisms occur simultaneously.
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However, one mechanism will normally predominate depending upon the
polymer and additives involved.
Thus, the purity of the polymer, stabilizers used, the fabrication
process, and the shape of the final article are all relevant to the suitability
for radiation sterilization. The differences of radiation sensitivity between
the products of different manufacturers and their formulations of a
particular product can be important.
"TYVEK", a spunbonded olefin made by Du Pont and used widely in
the sterile medical device industry, is made from very fine inter-connected
strands of high density polyethylene laid down in sheet form and bonded
together by heat and pressure. Strength of the spunbonded sheet is directly
related to the strength of the individual fibers and how they are bonded. It
is clear that, to have an effective material, strength, permeability and
barrier properties have to be balanced in an optimum structure. The
effects of radiation on the spunbonded polyolefins needs to be investigated
because a change in regulated pore size could compromise the effectiveness
of the barrier to microorganisms.
Radiation exposure tests have been conducted on different grades of
spunbonded olefin. All losses were within 20% of their strength properties
after having been subjected between 2.5 and 4.0 Mrads of radiation
(Dasgupta, 1973). The sterilization industry works around this range.
Above 4.0 Mrads, there is likelihood of severe losses in strength properties
14
Chanter 3. HYPOTHESIS
"There is no change in barrier qualities of medical grade
spunbonded olefin with exposure to low level radiation".
The purpose of this research project is to verify the null
hypothesis.The null hypothesis is used for any hypothesis primarily set up
to see whether it can be rejected, and the idea of setting up a null
hypothesis is to precisely confirm beyond a reasonable doubt that the
assumption could be accepted or not. Selected barrier tests and statistical
analysis will be conducted as a part of the data generation and evaluation.
Dosage levels in multiples of 2.5 Mrads have been chosen, since the
regular dose is 2.5 Mrads in the medical device industry. This will help
verify whether or not the effect on medical grade spunbonded olefin is
related to dosage increases.
Two measures of barrier effectiveness, porosity and water vapor
transmission rate (WVTR), are measured in order to establish a
relationship between the barrier qualities and radiation dose. These
measures operate on different orders of magnitude. Porosity is a gross
measure of gas passage and an indirect indicator of permeability, and
WVTR is a finer test and used as a referee method for testing permeability.
Porosity quantifies the resistance of a material to passage of air.
15
Thus a higher porosity value means that the material is less porous. This
has important implications since the material must be porous for sterilizing
agent to penetrate, yet low enough to prevent penetration by
microorganisms. It is a gross measure of gas passage and an indirect
indicator of permeability.
Water vapor transmission rate represents a finer test which can
directly relate the shelf life and packaged product stability by calculating
the rate at which moisture is transmitted through the material being tested.
The following two aspects of the study will be concentrated in this
report. The first aspect concentrates on whether or not there are any
changes in barrier quality of spunbonded olefin upon irradiation. The
statistical tool used for this purpose is one-way variance analysis or
Kruskal-Wallis test and is primarily set up to see whether the null
hypothesis could be accepted or not. The second aspect concentrates on the
relationship between the dose levels and their effect on the barrier
properties. The statistical tool used for this purpose is regression analysis.
TEST METHODOLOGY:
Two commercially available uncoated medical grade spunbonded
olefin are used for this study. Type A (1059B) has basis weight 1.8 oz/yd2
and type B(1073B) has basis weight 2.2 oz/yd2. The basis weight is
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determined by ounces of high density polyethylene per square yard, thus
greater the basis weight higher the amount of high density polyethylene.
- the spunbonded olefin are radiated at four dosage levels, namely 2.5
Mrads, 5.0 Mrads, 7.5 Mrads, 10.0 Mrads. They are divided into five
groups: four irradiated and one non irradiated group or control.
- conduct test to record the porosity using 'Gurley Porosity Tester' by T-
460, TAPPI standard test method. This test is used to measure air
resistance of porous paper and is an indirect indicator of permeability.
The test specimen, held between clamping plates in a circular orifice of
specified area, is subject to air pressure provided by the falling weight of
the inner cylinder of the porosity tester. The time for a specific volume of
air to pass through the specimen is a measure of it's air resistance. It is
influenced by the internal structure which is largely controlled by the type
and length of fiber and the surface finish which is governed by the
manufacturing process (TAPPI, 1988). The results of this test, when
reported as seconds/100ml/6.4 cm2 are commonly referred to as 'Gurley
Seconds'.
conduct test to record the water vapor transmission rate by using infrared
detection technique, ASTM F 1249-89 standard test method. The purpose
of this test method is to obtain reliable values for the water vapor
transmission rate of barrier materials. A dry chamber is separated from a
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wet chamber of known temperature and humidity by the barrier material
to be tested. The dry chamber and the wet chamber make up the diffusion
cell in which the test film is sealed. The diffusion cell is placed in a test
station where the dry chamber and the top of the film are swept with dry
air. Water vapor diffusing through the film mixes with the air and is
carried into a pressure modulated infrared sensor. This sensor measures
the fraction of infrared energy absorbed by the water vapor and produces
an electrical signal, the amplitude of which is proportional to the water
vapor concentration. The amplitude of the electrical signal produced by
the measurement of a calibration film of known transmission rate. This
information is then used to calculate the rate at which moisture is
transmitted through the material being tested (ASTM, 1989). It is an
important test and can directly relate the shelf life and packaged product
stability. Data from this test is used as a referee method of testing.
The statistical analysis consists of one way variance analysis or
kruskal wallis test depending on whether or not the data satisfies a normal
distribution curve to accept or reject a null hypothesis. The Kruskal-Wallis
test offers a non-parametric alternative to the usual one-way analysis of
variance. The test assumes that the data arise as K independent random
samples from continuous distributions, all having the same shape. The null
hypothesis of no differences among the K populations is tested against the
alternative of at least one difference. Null hypothesis is used for any
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hypothesis set up primarily to see whether it can be rejected, and the idea
of setting up a null hypothesis is to precisely confirm beyond any
reasonable doubt, the assumption could be accepted or not (Freund, 1979).
The relationship between radiation dosage and the barrier qualities
will be expressed by the regression analysis of the data. The regression co
efficient is the percentage of the total variation of the barrier qualities due
to different levels of radiation dosage.
Thus in this study, the relationship between the barrier properties
and radiation dosage is established to confirm the effect of radiation on
packaging materials.
19
Chapter 4.0 RESULTS AND DISCUSSION
The quantitative measures used to establish a relationship between
the barrier qualities and radiation dosage are porosity and water vapor
transmission rate. These measures operate on different orders of
magnitude, since each measures different quantities of gas transmission.
Porosity quantifies the resistance of a material to air. A high porosity
value means that the material is less porous. Thus being a gross measure of
gas passage, porosity is an indirect measure of permeability. This is
important to functional dose of the material because 'gurley
sees'
relate to a
certain amount of air resistance offered by a material. Thus a material
must be porous for sterilizing agent to penetrate, yet provide a barrier to
prevent re-entry of microorganisms. The quantities measured are
approximately in cubic inches per minute.
Water vapor transmission rate is a finer measure of water vapor
transmission through the materials and is measured in hundreths of a gram.
Being a finer test, it is used as a referee method of testing permeability in
medical products packaging industry. The quantities ofmeasurement is in
tenths of a gram of water over a twenty-four hour period.
In this research, we are looking to see if low level radiation causes
any effect on barrier properties and the magnitude of that effect by using
20
three different measures.
The decision relating differences between the sample means and the
means of the populations sampled was made by utilizing Kruskal-Wallis
test, because the data values obtained does not satisfy the parameters for
one-way analysis of variance. The Kruskal-Wallis test offers a non-
parametric alternative to the usual one-way analysis of variance. To
confirm the effectiveness of irradiation on the barrier properties of
spunbonded olefins selected for this study, regression analysis was used, so
that, with reasonable assurance, statistically significant results can be
attributed to particular causes, in this study it is irradiation dosage levels.
Two commercially available uncoated medical grade spunbonded
olefin: type A (1059B) and type B (1073B) were selected for this study.
Type A (1059 B) has basis weight 1.8 oz/yd2 and type B has basis weight
2.2 oz/yd2. The basis weight is determined by ounces of HDPE/sq.yd.
Thus greater the basis weight higher the amount of HDPE fibres.
Radiation of spunbonded olefin was carried out at four different dosage
levels, namely 2.5 Mrads, 5.0 Mrads, 7.5 Mrads and 10.0 Mrads. Dosage
levels in multiples of 2.5 Mrads have been chosen, since the regular dose is
2.5 Mrads in the medical device industry. This will help verify whether or
not the effect on medical grade spunbonded olefin is related to dosage
increases. Each type was divided into five groups: four irradiated and one
unirradiated group or control.
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The porosity tests were conducted using 'Gurley Porosity
Tester'
by
T-460 (TAPPI standard test method). The data collected from porosity test
of twelve samples (N=12) of each type irradiated at a particular dose was
used for calculating the averages (refer to Table 1-5). These averages were
used to plot a graph to illustrate the effect of radiation on each type of
Tyvek's porosity at different radiation dosages (refer to figs. 1-2).
The water vapor transmission test was recorded using the infrared
detection technique by using ASTM F 1249-89 (ASTM standard test
method). The data collected from vapor transmission test of twelve
samples (N=12) of each type irradiated at a particular dose was used for
calculating it's average (refer to Table 6-10). These average results were
used to plot a graphs to illustrate the effect of radiation on each type of
Tyvek's permeability at different radiation dosages (refer to figs 3-4). The
graphs of average gurley seconds and water vapor transmission (figs 1-4)
at different levels of radiation does not show a significant change in
porosity but when considered individually there seems to be a very slight
change in porosity and WVTR values.
Statistically analyzed by Kruskal-wallis test, the Percentile value or P
value i.e the probability that all means are equal was important in deciding
whether the null hypothesis could be accepted or rejected.
The porosity tests for type A (1059B) and type B (1073B) indicated that
there is a probability of 46.7 % and 19.4% respectively that all means are
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equal (refer Table 11-12). The WVTR tests for type A (1059B) and type B
(1073B) indicated that there is a probability of 14.6 % and 76.3%
respectively that all means are equal (refer Table 13-14).
It was not possible to reject the null hypothesis, or to derive a
relationship between the rate of water vapor transmission and porosity and
the given radiation dosages.
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Table 1. GROUP TREATED WITH 0 Mrads.
Effect of irradiation on Porosity of
untreated 1059 B and 1073 B samples.
( secs/100ml/6.4cmA2 )
SAMPLE # 1059 B 1073 B
1 13.50 18.00
2 9.50 18.00
3 20.00 23.00
4 19.50 13.50
5 9.00 11.50
6 7.00 13.00
7 14.00 15.00
8 18.50 12.50
9 16.50 35.00
10 26.00 10.00
11 14.00 19.50
12 18.50 16.50
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TABLE 2. GROUP TREATED WITH 2.5 Mrads
Effect of irradiation on Porosity of
2.5 Mrads treated 1059 B and 1073 B samples.
( secs/100ml/6.4cmA2 )
SAMPLE # 1059 B 1073 B
1 15.50 17.50
2 14.50 12.50
3 25.50 20.00
4 13.00 15.50
5 23.00 44.00
6 19.00 8.00
7 20.00 16.00
8 16.50 15.50
9 15.50 33.00
10 13.00 19.50
11 12.00 16.00
12 21.50 14.00
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TABLE 3. GROUP TREATED WITH 5.0 Mrads
Effect of irradiation on Porosity of
5.0 Mrads treated 1059 B and 1073 B samples.
( secs/100ml/6.4cmA2 )
SAMPLE # 1059 B 1073 B
1 17.00 10.50
2 20.50 17.00
3 16.50 15.00
4 15.00 12.00
5 14.50 19.00
6 8.00 33.50
7 15.50 16.50
8 9.50 18.00
9 16.50 18.00
10 15.00 14.00
11 14.50 19.50
12 18.50 24.00
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TABLE 4. GROUP TREATED WITH 7.5 Mrads
Effect of irradiation on Porosity of
7.5 Mrads treated 1059 B and 1073 B samples.
( secs/100ml/6.4cmA2 )
SAMPLE # 1059 B 1073 B
1 21.00 26.00
2 14.00 23.50
3 11.00 13.00
4 19.50 17.50
5 16.50 20.00
6 20.00 26.00
7 20.50 34.50
8 21.50 19.50
9 27.50 23.00
10 11.00 19.00
11 14.00 14.50
12 12.50 19.00
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TABLE 5. GROUP TREATED WITH 10.0 Mrads
Effect of irradiation on Porosity of
10.0 Mrads treated 1059 B and 1073 B samples.
( secs/100ml/6.4cmA2 )
SAMPLE # 1059 B 1073 B
1 17.00 19.50
2 16.00 34.00
3 10.00 27.50
4 12.50 12.50
5 14.00 23.50
6 16.00 29.50
7 14.50 22.00
8 12.00 14.00
9 21.50 26.00
10 9.00 15.00
11 7.00 12.00
12 20.00 30.00
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Figure 1. Effect Of Irradiation On Porosity
Of Spunbonded Olefin Type 1059B
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Figure 2. Effect Of Irradiation On Porosity
Of Spunbonded Olefin Type 1073B
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Table 6. GROUP TREATED WITH 0 Mrads.
Effect of irradiation on the Rate of
Water Vapor Transmission of untreated
1059 B and 1073 B samples.
( Kgs/mA2/day @ 100 degrees F, 90% R.H)
SAMPLE # 1059 B 1073 B
1 53.39 88.33
2 38.83 67.95
3 64.06 87.36
4 74.74 59.21
5 71.83 73.77
6 78.62 89.30
7 43.68 65.03
8 83.48 65.03
9 65.52 62.12
10 78.14 53.39
11 89.79 60.18
12 67.95 62.12
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TABLE 7. GROUP TREATED WITH 2.5 Mrads
Effect of irradiation on the Rate of
Water Vapor Transmission of 2.5 Mrad treated
1059 B andl073 B samples.
( Kgs/mA2/day @ 100 degrees F, 90% R.H)
SAMPLE # 1059 B 1073 B
1 39.80 82.51
2 81.54 69.89
3 70.86 54.36
4 33.97 83.48
5 87.36 63.09
6 63.58 62.12
7 81.05 63.09
8 62.12 67.95
9 94.15 64.06
10 59.21 60.67
11 58.24 50.96
12 83.48 79.59
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TABLE 8. GROUP TREATED WITH 5.0 Mrads
Effect of irradiation on the Rate of
Water Vapor Transmission of 5.0 Mrad treated
1059 B and 1073 B samples.
( Kgs/mA2/day @ 100 degrees F, 90% R.H)
SAMPLE # 1059 B 1073 B
1 80.08 59.21
2 92.70 80.08
3 89.79 61.15
4 78.14 52.90
5 81.05 97.07
6 53.39 80.57
7 61.64 53.39
8 94.15 79.59
9 52.42 77.65
10 81.54 73.77
11 79.11 92.70
12 92.21 69.98
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TABLE 9. GROUP TREATED WITH 7.5 Mrads
Effect of irradiation on the Rate of
Water Vapor Transmission of 7.5 Mrad treated
1059 B and 1073 B samples.
( Kgs/mA2/day @ 100 degrees F, 90% R.H)
SAMPLE # 1059 B 1073 B
1 78.62 60.18
2 67.95 58.24
3 69.89 64.06
4 70.38 87.36
5 60.18 58.24
6 71.83 67.95
7 59.21 90.27
8 73.77 44.65
9 43.68 59.21
10 65.03 58.73
11 74.74 94.15
12 35.43 87.36
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TABLE 10. GROUP TREATED WITH 10.0 Mrad
Effect of irradiation on the Rate of
Water Vapor Transmission of 10.0 Mrad treated
1059 B and 1073 B samples.
( Kgs/mA2/day @ 100 degrees F, 90% R.H)
SAMPLE # 1059 B 1073 B
1 59.21 81.05
2 72.80 50.47
3 45.14 78.14
4 60.67 63.09
5 73.77 70..86
6 48.53 72.80
7 67.95 74.26
8 73.29 81.54
9 61.64 87.36
10 82.51 84.45
11 68.43 69.89
12 67.95 59.21
Figure 3. Effect of irradiation on WVTR
Of Spunbonded olefin Type 1059B
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Figure 4. Effect of Irradiation on WVTR
Of Spunbonded olefin Type 1073B
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TABLE 11. Kruskal Wallis Analysis of Porosity data of Type 1059B
MTB > NOTE FILENAME 'ELL.COM'
MTB > note 1059B = spunbonded olefin
MTB > read cl-c5
DATA> 13.5 15.5 17 21 17
DATA> 9.5 14.5 20.5 14 16
DATA> 20 25 16.5 11 10
DATA> 19.5 13 15 19.5 12.5
DATA> 9 23 14.5 16.5 14
DATA> 7 19 8 20 16
DATA> 14 20 15.5 20.5 14.5
DATA> 18.5 16.5 9.5 21.5 12
DATA> 16.5 15.5 16.5 27.5 21.5
DATA> 26 13 15 11 9
DATA> 14 12 14.5 14 7
DATA> 18.5 21.5 18.5 12.5 20
DATA> end
12 ROWS READ
MTB
MTB
MTB
MTB
MTB
MTB
note CI
note C2
note C3
note C4
note C5
CONTROL
2.5 Mrads
5 . 0 Mrads
7.5 Mrads
10.0 Mrads
print cl-c5
ROW CI C2 C3 C4 C5
1
2
3
4
5
6
7
8
9
10
11
12
13
9
20
19
9
7
14
18
16
26
14
18
5
5
0
5
0
0
0
5
5
0
0
5
15
14
25
13
23
19
20
16
15
13
12
21
17
20
16
15
14
8
15
9
16
15
14
18
21
14
11
19
16
20
20
0
0
0
5
5
0
5
21.5
27.5
11.0
14.0
12.5
17
16
10
12
14
16
14
12
21
9
7
20
MTB > kruskal wallis cl c2
LEVEL
1
2
3
4
5
OVERALL
NOBS
12
12
12
12
12
60
MEDIAN AVE. RANK Z VALUE
15.25 28.5 -0.43
16.00 35.5 1.10
15.25 29.0 -0.32
18.00 35.2 1.03
14.25 24.3 -1.38
30.5
H - 3.58
H - 3.58
d.f .
d.f .
4
4
P
P
0.467
0.466 (adj for ties)
MTB >
MTB > STOP
*** Minitab Release 7.2 *** Minitab, Inc
Storage available 2570029
***
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TABLE 12. Kruskal Wallis Analysis of Porosity data of Type 1073B
MTB > NOTE FILENAME ' KIN . COM'
MTB > NOTE
10' 3B - ;SPUNBONDED OLEFIN
MTB > READ cl-c5
DATA> 18 17.5 10.5 :26 19.5
DATA> 18 12.5 17 23 .5 34
DATA> 23 20 15 13 27.5
DATA> 13.5 15.5 12 17.5 12 .5
DATA> 11.5 44 19 20 23.5
DATA> 13 8 33.5 26 29.5
DATA> 15 16 16.5 34 .5 22
DATA> 12.5 15.5 18 19.5 14
DATA> 35 33 18 23 26
DATA> 10 19.5 14 19 15
DATA> 19.5 16 19.5 14.5 12
DATA> 16.5 14 24 19 30
DATA> note CI CONTROL
12 ROWS READ
MTB > note CI CONTROL
MTB > NOTE C2 - 2.5 Mrads
MTB > NOTE C3 = 5.0 Mrads
MTB > NOTE C4 - 7.5 Mrads
MTB > NOTE C5 - 10. 0 Mrads
MTB > print cl-c5
ROW CI C2 C3 C4 C5
1 18.0 17.5 10.5 26.0 19.5
2 18.0 12.5 17.0 23.5 34.0
3 23.0 20.0 15.0 13.0 27.5
4 13.5 15.5 12.0 17.5 12.5
5 11.5 44.0 19.0 20.0 23.5
6 13.0 8.0 33.5 26.0 29.5
7 15.0 16.0 16.5 34.5 22.0
8 12.5 15.5 18.0 19.5 14.0
9 35.0 33.0 18.0 23.0 26.0
10 10.0 19.5 14.0 19.0 15.0
11 19.5 16.0 19.5 14.5 12.0
12 16.5 14.0 24.0 19.0 30.0
MTB > kruskal wallis cl c2
LEVEL NOBS MEDIAN AVE. RANK Z VALUE
1 12 15.75 23. 5 1 .56
2 12 16.00 27. 6 0 .65
3 12 17.50 27. 3 0 .70
4 12 19.75 37. 5 1 .56
5 12 22.75 36. 6 1 .35
OVERALL 60 30. 5
H - 6 .09 d.f. - 4 p = 0. 194
H - 6 .10 d.f. - 4 p - 0. 193 (adj . for ties)
MTB >
MTB ^ STOP
*** Minitab Release 7.2 *** Minitab, Inc.
***
Storage available 2570029
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TABLE 13. Kruskal Wallis Analysis ofWVTR data of Type 1059B
MTB > NOTE FILENAME 'RAMA. r
MTB > NOTE 1059B - SPUNBONDED OLEFIN
MTB > READ Cl-C5
DATA> 5338.67 3979.73 8008 7862.4 5921.07
DATA> 3882.67 8153.6 9269. 87 6794.67 7280
DATA> 6406.4 7085.87 8978 .67 6988. 8 4513.6
DATA> 7414.13 3397.33 7813 .87 7037.,33 6066.67
DATA> 7182.93 8736 8105.07 6018.13 7377.07
DATA> 7862.4 6357.87 5338. 67 7182.93 4853.33
DATA> 4368 8105.07 6163.73 5921.07 6794.67
DATA> 8347.73 6212.27 9415 .47 7377.,07 7328.53
DATA> 6552 9415.47 5241.6 4368 6163.73
DATA> 7813.87 5921.07 8153 .6 6503.47 8250.67
DATA> 8978.67 5824 7910.93 7474.13 6843.2
DATA> 6794.67 8347.73 9221 .33 3542. 93 6794.67
DATA> END
12 ROWS READ
MTB > NOTE CI - CONTROL; C2 - 2.5 Mrad; C3 - 5 .0 Mrad;
MTB > NOTE C4 -7.5 Mrad; (C5 - 10.0 Mrad.
MTB > PRINT CI -C5
ROW CI C2 C3 C4 C5
1 5338.67 3979.73 8008.00 7862.40 5921 .07
2 3882.67 8153.60 9269.87 6794.67 7280 .00
3 6406.40 7085.87 8978.67 6988.80 4513 .60
4 7414.13 3397.33 7813.87 7037.33 6066 .67
5 7182.93 8736.00 8105.07 6018.13 7377 .07
6 7862.40 6357.87 5338.67 7182.93 4853,.33
7 4368.00 8105.07 6163.73 5921.07 6794 .67
8 8347.73 6212.27 9415.47 7377.07 7328,.53
9 6552.00 9415.47 5241.60 4368.00 6163.,73
10 7813.87 5921.07 8153.60 6503.47 8250..67
11 8978.67 5824.00 7910.93 7474.13 6843.,20
12 6794.67 8347.73 9221.33 3542.93 6794,.67
MTB > kruskalwallis C1-C2
LEVEL NOBS MEDIAN AVE. RANK Z VALUE
1 12 6989 29.8 -0.17
2 12 6722 30.6 0.02
3 12 8057 41.5 2.43
4 12 6892 25.2 -1.17
5 12 6795 25.5 -1.11
OVERALL 60 30.5
H = 6. 83 d.f. 4 p = o.:L46
H = 6. 84 d.f. -4 p - 0.146 (adj. for ties)
MTB >
MTB > STOP
*** Minitab Release 7.2 *** Minitab, Inc
Storage available 2570029
***
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TABLE 14. Kruskal Wallis Analysis ofWVTR data ofType 1073B
MTB > NOTE FILENAME 'SHIV.1r
MTB > NOTE 1073B - SPUNBONDED OLEFIN
MTB > READ Cl-C5
DATA> 8833.07 8250.67 5921 .07 6018. 13 8105.07
DATA> 6794.67 6988.88 8008 5824 5047.47
DATA> 8736 5435.73 6115.2 6406.4 7813.87
DATA> 5921.07 8347.73 5290 .13 8736 6309.33
DATA> 7377.07 6309.33 9706 .67 5824 7085.87
DATA> 8930.13 6212.27 8056 .53 6794. 67 7280
DATA> 6503.47 6309.33 5338 .67 9027. 2 7425.6
DATA> 6503.47 6794.67 7959 .47 4465. 07 8153.6
DATA> 6212.27 6406.4 7765.:33 5921.07 8736
DATA> 5338.67 6066.67 7377 .07 5872. 54 8444.8
DATA> 6018.13 5096 9269.87 9415.47 6988.8
DATA> 6212.27 7959.47 6988 .8 8736 5921.07
DATA> END
12 ROWS READ
MTB > NOTE CI - CONTROL; C2 - 2.5 Mrad; C3 - 5 . 0 Mrad;
MTB > NOTE C4 7.5 Mrad; <25 10.0 Mrad.
MTB > PRINT CI -C5
ROW CI C2 C3 C4 C5
1 8833.07 8250.67 5921.07 6018.13 8105,.07
2 6794.67 6988.88 8008.00 5824.00 5047 .47
3 8736.00 5435.73 6115.20 6406.40 7813,.87
4 5921.07 8347.73 5290.13 8736.00 6309..33
5 7377.07 6309.33 9706.67 5824.00 7085 .87
6 8930.13 6212.27 8056.53 6794.67 7280 .00
7 6503.47 6309.33 5338.67 9027.20 7425 .60
8 6503.47 6794.67 7959.47 4465.07 8153 .60
9 6212.27 6406.40 7765.33 5921.07 8736 .00
10 5338.67 6066.67 7377.07 5872.54 8444 .80
11 6018.13 5096.00 9269.87 9415.47 6988 .80
12 6212.27 7959.47 6988.80 8736.00 5921 .07
MTB > KRUSKAL-WALLIS C1-C2
^
LEVEL NOBS MEDIAN AVE. RANK Z VALUE
1 12 6503 30.0 -0.12
2 12 6358 26.8 -0.81
3 12 7571 33.3 0.62
4 12 6212 27.7 -0.62
5 12 7353 34.7 0.93
OVERALL 60 30.5
H - 1. 85 d.f. -4 p 0. 763
H - 1. 85 d.f. = 4 p -
0.'763 (adj. for ties)
MTB >
MTB >
MTB > STOP
*** Minitab Release 7.2 *** Minitab, Inc. ***
Storage available 2570029
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Chapter 5.0 CONCLUSION AND RECOMMENDATIONS
The idea in exploring possible changes in barrier properties of
spunbonded olefin was investigated because a change in barrier properties
could mean change in sterility which is a key concern in medical device
packages.
Two medical grade uncoated spunbonded olefin were irradiated at
different dosage levels. The purpose of irradiating was to find :
a) Is there a change in barrier due to radiation ?
b) If there is a change, is that change relative to dose ?
Three different sensitivities were used to measure changes in barrier
properties :
1) Gross visual method by taking pictures on Scanning Electron
Microscope at different angles and magnification (refer appendix A. )
2) By recording porosity, which quantifies the resistance of a material to
air. Thus being a gross measure of gas passage, porosity is an indirect
measure of permeability. The quantities of measurement are
approximately in cubic inches per minute.
3) And by recording WVTR, which is a finer measure of water vapor
transmission through the materials. The quantities of measurement is in
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tenths of a gram of water over a twenty-four hour period. It is also used
as a referee method of testing permeability in medical products packaging
industry.
Pictures taken on the Scanning Electron Microscope at different
magnitudes and angles proved inconclusive since, we could not visually tell
the difference between them.
The porosity tests for type A (1059B) and type B (1073B) indicated
that there is a probability of 46.7 % and 19.4% respectively that all means
are equal (refer Table 11-12). This means that at the normal acceptance of
95% confidence level, we must reject the relationship.
The WVTR tests for type A (1059B) and type B (1073B) indicated
that there is a probability of 14.6 % and 76.3% respectively that all means
are equal (refer Table 13-14). This means that at the normal acceptance of
95% confidence level, we must reject the relationship.
In an industry where sterility is of key concern and is statistically
defined as the probability of an unsterile package as one in a million, it
would be unacceptable to reject the null hypothesis at probabilities greater
than 1%. The acceptance of null the hypothesis and the subsequent findings
of no relationship between porosity and radiation dosage or between
WVTR and radiation dosage, confirms the null hypothesis 'there is no
change in barrier qualities of spunbonded olefin.
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The study of effects of irradiation on spunbonded olefin is important
in developing packages for irradiated medical devices, hence further
investigation including microbial challenge testing are recommended to
confirm the suitability of using spunbonded olefin for irradiated medical
devices. Spunbonded olefin being a highly permeable material, there are
chances that irradiation will adversely affect the package integrity and will
introduce microorganisms into the packages, thus increasing the bio-
burden. Therefore, it is important to identify spunbonded olefin capable of
maintaining package integrity.
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APPENDIX A. Pictures Taken Using Scanning
Electron Microscope (SEM)
SEM Picture of (Type A) 1059B - Control @ 50X and 0 degrees
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SEM Picture of (Type A) 1059B - Control @ 200X and 0 degrees
53
SEM Picture of (Type A) 1059B - 5 Mrad @ 50X and 0 degrees
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SEM Picture of (Type A) 1059B - 5 Mrad @ 200X and 0 degrees
55
SEM Picture of (Type A) 1059B - 5 Mrad @ 200X and 45 degrees
56
SEM Picture of (Type A) 1059B - 10 Mrad @ 50X and 0 degrees
57
SEM Picture of (Type A) 1059B - 10 Mrad @ 200X and 0 degrees
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SEM Picture of (Type A) 1059B - 10 Mrad @ 200X and 45 degrees
SEM Picture of (Type B) 1073B - Control @ 50X and 0 degrees
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60
SEM Picture of (Type B) 1073B - Control @ 200X and 0 degrees
SEM Picture of (Type B) 1073B - 5 Mrad @ 50X and 0 degrees
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SEM Picture of (Type B) 1073B - 5 Mrad @ 200X and 0 degrees
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SEM Picture of (Type B) 1073B - 5 Mrad @ 200X and 45 degrees
-
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SEM Picture of (Type B) 1073B - 10 Mrad @ 50X and 0 degrees
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SEM Picture of (Type B) 1073B - 10 Mrad @ 200X and 0 degrees
65
SEM Picture of (Type B) 1073B - 10 Mrad @ 200X and 45 degrees
66
,, ^0.OOAfOi- '.i; _;-';- s. ^X^m&vmmmc^^^
67
APPENDIX B. The Units of Radiation Processing
IRad
1 Gray
1 Kilorad
1 KiloGray
1 Megrad
100 Ergs/Gram
100 Rads
104 Ergs/Gram
1000 Rads
105 Rads
1 Joule/Gram
0.24 Calorie/Gram
106 Rads
10 Kilogray
108 Ergs/Gram
10 Joule/Gram
2.4 Calories/Gram
